Conclusions: This study supports a link between policy and sustainable decreases in some food practices but not others and a differential effect that favors middle schools over high schools. Policysetting is a dynamic process requiring ongoing surveillance to identify shifting trends.
Results: Among high schools, VMSS (p¼0.001) and sugar-sweetened beverages (p¼0.004), highfat salty snacks (p¼0.001), and candy (p¼0.001) in VMSS decreased from 2002 to 2008. In 2008, a change in slope direction from negative to positive occurred for all food practices and an increase in VMSS (p¼0.014) and sugar-sweetened beverages (p¼0.033) was seen. Among middle schools, VMSS (p¼0.027), sugar-sweetened beverages (p¼0.001), high-fat salty snacks (p¼0.001), and candy (p¼0.029) decreased from 2002 to 2010.
Conclusions:
This study supports a link between policy and sustainable decreases in some food practices but not others and a differential effect that favors middle schools over high schools. Policysetting is a dynamic process requiring ongoing surveillance to identify shifting trends. Background S ugar-sweetened beverages (SSBs), high-fat salty snacks, and candy have been mainstays of vending machines and school stores (VMSS) in U.S. secondary schools and high-profile targets when considering policy strategies to combat childhood obesity. 1, 2 In the past decade, the IOM, numerous voluntary initiatives, and state and federal legislation have addressed the availability of low-nutrient, energy-dense snacks and beverages in the school setting. [3] [4] [5] [6] [7] [8] Among these, the Child Nutrition and WIC Reauthorization Act of 2004 (hereafter referred to as the 2004 Reauthorization Act) stands out as a point of reference to assess change in food practice at the school level in response to policy initiatives.
The 2004 Reauthorization Act was federal legislation that exerted a broad reach by requiring all school districts participating in the federally funded school meal program to develop and implement policies addressing nutrition guidelines for all foods and beverages available on each school campus by the onset of the 2006/2007 school year. 8 In the U.S., more than 101,000 schools and institutions participate in the federally funded school meal program. 9 The federal legislation also required school districts to involve key stakeholders such as school representatives, parents and students in policy development, as well as establish a plan for assessing policy implementation. 8 Guidance on policy detail or a system for monitoring and enforcing policy implementation was not included in the legislation.
Since 2006, a growing literature has linked improvement in the secondary school food environment to policy initiatives. 4, 5, [10] [11] [12] [13] However, studies have been mostly cross-sectional or have examined change in the prevalence of low-nutrient, energy-dense snacks and beverages in VMSS over a relatively brief period before and after implementation of the federal legislation. Long-term success in creating healthy school food environments will benefit from continual monitoring of school food practices over time to better characterize changing prevalence rates and provide more informed feedback as state and national policy continue to evolve in response to the childhood obesity epidemic. In the U.S., most states participate in the CDC School Health Profiles, a biennial survey conducted in secondary schools since 1996 that measures school policies and practices.
14 In 2002, Profiles added questions addressing the availability of VMSS and low-nutrient, energy-dense snacks and beverages in VMSS. 15 For the current study, Profiles data from Minnesota were used to assess the availability of VMSS and SSBs, high-fat salty snacks, and candy in VMSS in secondary schools before and after the 2004 Reauthorization Act was implemented at the start of the 2006/2007 school year. Trends in availability from 2002 to 2010 also were examined. It was hypothesized that a significant and sustainable decrease in the availability of VMSS and SSBs, high-fat salty snacks, and candy in VMSS would occur following implementation of the federal legislation. The present study was conducted as part of the School Obesity-related Policy Evaluation (ScOPE) study, which aims to examine school obesity prevention policies in Minnesota secondary schools and student weight and weight-related behaviors.
Methods
For Minnesota School Health Profiles, school-level data from a stratified random cross-sectional sample of public middle (n¼170) and high (n¼392) schools were collected biennially from 2002 to 2010. The current study used data from the School Health Profiles principal survey, which is a self-administered, mailed survey completed by principals or designees. For each survey year, at least 70% of the principals in the sample completed the survey, with the exception of 2006, when the response rate was 66% (P. Rhode, Minnesota Department of Health, personal communication, 2012). For Profiles, weighted data are not available when response rates fall below 70%. 16 Therefore, for the current study, data were analyzed without weights. However, the stratified nature of the random sample was accounted for by including an adjustment in all models for the original stratification scheme that included middle, junior high, and high schools. Further, sensitivity analysis comparing weighted to unweighted data found minimal differences for most survey items (typicallyo1%). On the survey, principals were asked: (1) whether students could purchase snack foods or beverages from one or more vending machines at school or at a school store, canteen, or snack bar; and if yes, whether students could purchase each of the following snack foods or beverages: (2) sugar-sweetened beverages (soda pop/soft drinks, sports drinks or fruit drinks that are not 100% juice); (3) any candy (chocolate candy and/or other kinds of candy); and (4) salty snacks that are not low in fat. 15, 17 Responses for all items were yes/no.
School-level demographics were obtained from the National Center for Educational Statistics (NCES) Common Core Data 18 and included minority enrollment categorized for the current study as o5%, 5%-20%, and 420%; free/reduced-price lunch participation (FRLP) categorized as 40%-o20%, 20%-40%, and 440%; and school type categorized as middle versus high school. High schools were defined as any school that included Grade 6 or higher and Grade 10 or higher. Middle schools were defined as any school that included Grade 6 or higher and Grade 9 or lower. School location, categorized as city, suburb, or town/rural, was determined using a combination of NCES and Rural-Urban Commuting Areas classification schemes. 18, 19 This study was approved by the IRB of the University of Minnesota.
All statistical models were stratified by school type and included adjustments for school-level demographics. To examine the association between each outcome and survey year, generalized estimating equation models were used that specified a binomial distribution with a logit link and an independent correlation structure to account for sampling of some schools over multiple 
Results
Figure 1 displays crude percentages by year, stratified by school type for each food practice. Across years, VMSS and SSB availability in VMSS were more common in high schools than middle schools, with a few notable exceptions. 
Discussion
This study is among the first to examine the availability of VMSS and low-nutrient, energy-dense snacks and beverages sold in VMSS in a statewide sample of secondary schools using data collected biennially from 2002 to 2010, which encompasses the 4 years before and after the 2004 Reauthorization Act was implemented at the start of the 2006/2007 school year. Study results suggest a mixed bag of gains, stalls, and possible reversals in availability of VMSS and SSB, candy, and high-fat, salty snacks in VMSS over the 8-year period, with important and informative differences by school type.
The current study describes a secondary school food environment where VMSS are still common and low-nutrient energy-dense snacks and beverages are readily available in VMSS. Consistent with other studies, prevalence of all food practices was generally higher among high schools than middle schools.
1,2,4,5,10,13 However, important shifts in prevalence were noted during the 8-year period These findings suggest a return to increasing availability of VMSS and low-nutrient, energy-dense snacks and beverages sold in VMSS in high schools. Other recently released studies lend support to this hypothesis. An October 2012 report using School Health Profiles data examined snack food availability in secondary schools across the U.S. from 2002 to 2010 and found that reductions in less-healthy snack foods stalled from 2008 to 2010. 21 Findings for that report were not stratified by school type.
Another study using a nationally representative sample of U.S. schools with Grades 8, 10, or 12 examined beverage availability in competitive food venues (VMSS and a la carte programs) from 2006 to 2010 and found an overall decline in beverage venues and SSB availability, across school types. 22 However, from 2008 to 2010, modest declines in SSB availability from 69% to 63% and 90% to 88% were seen in middle and high schools, respectively. 22 Among middle schools, from 2008 to 2010, the prevalence of vending machines decreased from 71% to 63% and school stores from 42% to 38%; among high schools, vending machine prevalence of 96% and 90.5% and school store prevalence of 56% and 57% were reported in 2008 and 2010, respectively. 22 Ongoing surveillance of prevalence rates with attention to differences by school type is necessary to monitor shifting trends.
The difference in practice prevalence between middle and high schools merits further consideration. This persistent pattern seen across studies is especially relevant following the implementation of the 2004 Reauthorization Act, which required policy development and implementation at the district level. 8 One might reasonably expect district policy-setting to result in a similar pattern of decline and less overall difference in food practice prevalence across middle and high schools, even when considering nutrition standards that vary by age group and developmental differences. 7, 23 The relatively steep decline in the prevalence of high-fat, salty snacks in VMSS seen across school type since 2002 and comparable prevalence rates evident in 2010 support this hypothesis.
The absolute decrease in availability of candy in VMSS over the 8-year study period of 22% and 24% for middle and high schools, respectively, also is noteworthy. Interestingly, the decline in candy and salty snack availability was evident well before the 2006 implementation of the federal legislation, suggesting that these declines may have continued independent of the legislation. However, it also is possible that the legislation fortified interest among school districts to build on gains already in progress and likely Altogether, these findings suggest a differential effect of policy that is dependent on food practice and for select food practices, on school type. The 2004 Reauthorization Act was an unfunded mandate and inconsistencies in implementation have been noted, particularly among high schools as compared to middle schools and elementary schools. 7, 10, 12, 24, 25 This study adds to the literature by qualifying some of the inconsistencies and providing a more constructive dissection that distinguishes solid gains from areas that require more targeted effort if desired results are to be achieved. Strategies used by middle and high schools to successfully reduce high-fat salty snacks and candy availability in VMSS and by middle schools that have resulted in significant and sustained decreases in VMSS and the SSBs in VMSS should be identified and inform future policy and practice efforts.
The current study also highlights the sluggish response by high schools to enact meaningful and sustainable decreases in SSB availability in VMSS. This is an especially worrisome finding that requires focused attention, given the strong association between SSB consumption and weight gain and the link to chronic conditions that include obesity and diabetes. [26] [27] [28] Prior studies have shown that disproportionately more high schools than middle schools receive revenue and other incentives from soft drink sales.
1 Future studies should re-examine the link between revenue generation and SSB availability relative to school-and districtlevel policy-setting, as well as other factors, such as student, staff, and parent resistance, that may slow efforts to decrease SSB availability in the high school setting.
Strengths and Limitations
This study has several strengths, which include the use of statewide, school-level data collected biennially from 2002 to 2010, a time frame that captures food practice prevalence 4 years before and after implementation of the 2004 Reauthorization Act at the start of the 2006/2007 school year. The linking of school data to sociodemographic characteristics that included location, minority enrollment, and free and reduced-price lunch allowed for control of these potential confounders in all statistical models.
There are also important study limitations. Schoollevel data about nutrition practices were self-reported by school principals or designees and are subject to bias. It also is possible that a respondent was lacking in accurate or current knowledge about the practices assessed, leading to under-or over-reporting of a practice. Although response rates were considered generally good, it is possible that schools that participated were different in important ways from schools that did not participate. Although this study provides support for a link between nutrition policy and food practice at the school level, causality cannot be inferred. Further, attribution of this association to a particular initiative or legislative act is not possible given the numerous policy-related initiatives put in place at different times over the past several years. Results may not be generalizable to secondary schools outside Minnesota. However, a 2007 report assessing the nutritional quality of food and beverages sold in VMSS, a la carte, and fundraisers grouped Minnesota with 20 other states that received the lowest ranking. 29 
Conclusion
Creating a healthy secondary school food environment that is sustainable over time remains a challenging goal. Policy initiatives that limit student access to low-nutrient, energy-dense snacks and beverages during the school day are a popular strategy advocated by many to achieve this goal. Results from the current study support a link between policy and a sustainable decline in some food practices but not others. Results also suggest a differential effect that favors middle schools over high schools. Finally, this study highlights the dynamic nature of policy-setting and the need to maintain ongoing surveillance of school food practices and assessment of trends that may vary over time. This is especially relevant as the federal government moves forward with the planning and implementation of provisions of the Healthy, Hunger-Free Kids Act of 2010 that require the establishment of nutrition standards for all foods and beverages sold outside the school meal program that are consistent with the Dietary Guidelines for Americans, as well as more detailed requirements for school districts on the measuring and reporting of policy implementation.
